We report on SAR-OSL dating of closely-spaced samples from the loess-palaeosol sequence near Mostiştea lake (Danube Plain, SE Romania). We used sand-sized quartz and a SAR protocol that involved a preheat of 10s at 220°C and a test dose cutheat to 180°C. It is shown that these thermal pretreatments isolate a quartz OSL signal that is dominated by the fast component. The behaviour of this signal in the SAR protocol is then documented. The ratio of the measured to given dose tends to lie slightly but systematically above unity (~5% on average) and the recycling ratio below unity (~6% on average); for all samples, the recuperated signal is negligible. Within analytical uncertainty, the nineteen optical ages are internally consistent and agree with the predictions from a palaeomagnetic age-depth model. Although it may be possible to optimize the SAR measurement procedure, the optical ages already confirm the chronostratigraphic position of the uppermost welldeveloped palaeosol in that it formed during MIS 5.The established chronology allows correlating the sequence near Mostiştea lake with that near Mircea Vodă that we investigated earlier.
INTRODUCTION
Loess and loess-like deposits are widespread along the lower Danube river. In Romania, they cover mainly the southern and southeastern part of the country (Conea, 1970) . The deposits can be up to ~ 50 m thick and contain several well-developed palaeosols. The Romanian loesspalaesol sequences are thought to represent continuous and extended archives of regional climatic and environmental change during the Late and Middle Pleistocene and they help to improve our understanding of the link between similar deposits in Europe and Asia. So far, the chronology of Romanian loess has been mainly based on relative methods (such as pedostratigraphy and magnetic susceptibility) and correlation of successions with comparable features (see e.g. Conea, 1969 and 1970; Panaiotu et al., 2001) . It has been demonstrated that the assumptions underlying proxy-based age models (such as continuous sedimentation) can be inaccurate (see e.g. Stevens et al., 2007) . Because an absolute timeframe is lacking, there is great uncertainty about the stratigraphic position of several palaeosols and the way in which they should be correlated. This strongly hampers interpreting the sequences in terms of the signatures of palaeoclimatic and environmental changes.
For several decades, loess deposits have been intensively investigated using luminescence dating techniques (see e.g. the overview by Roberts, 2008 , and references therein). As far as Romanian loess is concerned, however, the method seems to have seen only little application. Balescu et al. (2003; 2010) used infrared stimulated luminescence (IRSL) signals from coarse silt-sized alkali feldspars to establish a broad chronological framework for the loess-palaeosol units exposed at three sections (Tuzla, Mircea Vodă, and near Mostiştea lake; Fig. 1 ). Despite the limited dataset, these studies demonstrated that, at the three investigated localities, the uppermost well-developed palaeosol (S1) formed during MIS 5. The most robust luminescence dating procedure currently available involves the use of optically stimulated luminescence (OSL) signals from quartz, in combination with the single-aliquot regenerative-dose (SAR) protocol (Murray and Olley, 2002; Wintle and Murray, 2006) . Timar et al. (2010a) took this approach in a high resolution study of the section near Mircea Vodă. SAR-OSL dating of silt-sized (4-11 µm) quartz confirmed the chronostratigraphic position of the S1 unit (i.e. MIS 5) and demonstrated that loess accumulation rates have varied during the Last Glacial. Timar et al. (2010b) subsequently applied SAR-OSL dating to sand-sized quartz extracted from the same samples; this yielded ages that were in between 20-70% higher than those obtained on the fine grains. Nevertheless, both sets of ages confirmed that the S1 unit corresponds to MIS 5; they conflict, however, as to how an overlying weakly-developed soil horizon should be interpreted (MIS 3 or MIS 5?) . Although methods to correct IRSL signals from feldspar for anomalous fading (as was done by Balescu et al., 2003; 2010) are contentious, especially for older samples with De's > ~ 150 -200 Gy, and the discrepancy between the SAR-OSL ages for silt and sand-sized quartz remains to be resolved, both dosimeters challenge the long-held assumption that the S1 palaeosol was formed during an interstadial of the Last Glacial period (Conea, 1969) .
The present study focuses on the SAR-OSL characteristics and age of sand-sized quartz extracted from the loess-palaeosol sequence near Mostiştea lake (Danube Plain, SE Romania). Our investigations of Romanian loess frame in a larger research project that aims at establishing an accurate and precise chronology for European loess deposits.
STUDY SITE AND SAMPLING
The investigated loess-palaeosol sequence is located on the border of Mostiştea lake (~20 km in length and 56.7 km 2 of water surface, Danube Plain, SE Romania; Fig. 1) . It is about 21 m thick and consists of four loesspalaeosol units (L1, S1 etc.) and the Holocene topsoil (S0). The Mostiştea loess-palaeosol sequence has previously been investigated using magnetic susceptibility (MS) and IRSL techniques (Panaiotu et al., 2001; 2004; Necula and Panaiotu, 2008; Balescu et al., 2010) . Both the MS and the IRSL results indicate that the uppermost three palaeosols (S1, S2, S3) formed during MIS5, MIS 7 and MIS 9, respectively.
The profile investigated here is located at a distance of ~50 m from the previously studied sections. Our study focused on the uppermost loess-palaeosol unit (L1/S1) and the top of the second loess unit (L2). Due to intense bioturbation in the form of rootcasts and the difficult access to the upper part of the L1 unit, the samples were collected starting from a depth of 2.1 m. Nineteen samples in total were collected, at relatively closely spaced vertical intervals (~ 10-25 cm; Fig. 2) . The sampling was performed by hammering stainless steel cylinders in freshly cleaned exposures. The sediment surrounding each tube was collected for dose rate determination. To correlate our sections with those from the previous studies, the magnetic susceptibility was measured using a MS2B Magnetic Susceptibility System (Bartington Instruments) on a subsample of the sediment surrounding each OSL tube (Fig. 2) .
SAMPLE PREPARATION AND ANALYTICAL FACILITIES
Sand-sized (63-90 µm) quartz grains were extracted from the inner material of the sampling tubes using conventional (Lang et al., 1996; Mauz et al., 2002) sample preparation techniques (10% HCl, 30% H 2 O 2, wet sieving, density separation using heavy liquids, 40% HF). For measurement, a monolayer of quartz grains was spread out on the inner 9 mm of 9.7 mm-diameter stainless steel discs; silicone oil was used as adhesive. The purity of the quartz was confirmed by the absence of a significant IRSL response at 60ºC to a large regenerative dose (~35 Gy); the sensitivity to infrared stimulation was defined as significant if the OSL IR depletion ratio deviated more than 10% from unity (Duller, 2003) . The test was performed for each aliquot that was measured; no aliquots had to be rejected on the basis of this criterion.
All luminescence measurements were made with a Risø TL/OSL DA-20 reader equipped with blue diodes emitting at 470 ± 30 nm and IR LEDs emitting at 870 nm; luminescence signals were observed through a 7.5 mm thick Hoya U-340 UV filter. Details on the measurement apparatus can be found in Bøtter-Jensen et al. (2003) and Thomsen et al. (2008) .
The luminescence characteristics of the samples were investigated using the single-aliquot regenerative-dose (SAR) protocol (Murray and Wintle, 2000) . Stimulation with the blue diodes was for 40 s at 125°C. The first 0.32 s of the decay was used in the calculations, minus a background evaluated from the 1.60 s to 2.88 s interval. Moving the background interval closer to the initial signal is more effective in reducing the contribution from slower components (see e.g. Ballarini et al., 2007 ), but we observed no dependence of the results on the interval chosen for background evaluation. Unless indicated otherwise, natural and regenerated signals were measured after a preheat of 10 s at 220°C; the response to the test dose (17.3 Gy) was measured after a cutheat to 180°C. Timar et al. (2010a; 2010b) used the same thermal pretreatments in their optical dating studies of the loess section near Mircea Vodă. After the measurement of the response to the test dose, a high-temperature bleach was performed by stimulating with the blue diodes for 40 s at 280°C (Murray and Wintle, 2003) .
For the determination of the annual dose, the sediment from the surroundings of the OSL tubes was dried, powdered and packed in sealed containers. The sediment samples were stored for at least one month before being measured using high-resolution gamma-ray spectrometry.
LUMINESCENCE CHARACTERISTICS
All quartz samples exhibit bright OSL signals that decay rapidly with stimulation time (Fig. 3) . The decay is typical for quartz that is dominated by a fast component. This was confirmed by examining the LM-OSL signal of samples MST1, MST2 and MST12. The natural and regenerated signals show a well-defined peak early in the curve; the position of the peak matches that observed for calibration quartz and is not dependent on the preheat treatment (inset to Fig. 3 , for sample MST2; samples MST1 and MST12 exhibit the same LM-OSL characteristics). It is generally accepted that the OSL signal of calibration quartz is dominated by the fast component.
A representative growth curve for an aliquot of sample MST2 is shown in Fig 4a. The growth of the signal with dose is best represented by the sum of two saturating exponential functions. Fig. 4a also illustrates the behaviour of the samples in the SAR protocol; sensitivity changes occurring throughout the measurement procedure are accurately corrected for (as indicated by recycling ratios ranging within 0.90-1.10) and the growth curves pass very close to the origin (as indicated by recuperation values well below 1% of the corrected natural OSL signal). Fig. 4b shows the average dose response curves for samples collected at various burial depths. All growth curves can be represented well by the sum of two saturating exponential functions. We observed no systematic variation in saturation characteristics with burial depth. D 0 values for the early saturating exponential component (D 01 ) range from ~26-40 Gy, and for the slowly saturating exponential (D 02 ) from ~175-303 Gy. Fig. 5a shows the dependence of equivalent dose (D e ) on preheat temperature for sample MST2. Across the 200-280°C temperature range, all values are consistent with the average (± 1 standard error) of 143 ± 11 Gy. Fig.  5b shows the corresponding recycling ratios and recuperation. The recycling ratio shows no variation with preheat temperature, but it has a tendency to lie below unity; the overall average value (± 1 standard error) is 0.92 ± 0.01. The recuperated signal is negligible (as compared to the corrected OSL signal) across the entire investigated temperature range. The same observations were made for sample MST3.
To asses the suitability of the employed SAR protocol for measuring the dose in our samples, we performed a dose recovery test. At least four aliquots per sample were bleached at room temperature by stimulating for two times 40 s with the blue diodes; the two bleaching treatments were separated by a 10 ks pause. The aliquots were then given a laboratory dose, which was chosen to be equal to the estimated equivalent dose (D e ), and measured using the SAR protocol. Fig. 6a summarizes the dose recovery data. For only two samples, the measured to given dose ratio is consistent with unity within 1 standard error. When considering the 2σ level, the ratio is consistent with unity for five samples and it is within 10% from unity for all samples, except MST9. For sample MST9, the measured to given dose ratio is 2.5 ± 0.3; at present, it is not understood as to why this particular sample behaves so differently from the other samples and yields such a poor dose recovery. At high given doses, the data can be more variable; this is not unexpected, given that 
Fig 5. (a) Equivalent dose as a function of preheat temperature for sample MST2. A minimum of three aliquots was used per preheat temperature and the error bars represent one standard error. The dashed line (eye guide) highlights the average value across the 200-280°C preheat temperature interval. (b) Recycling ratios and recuperation as a function of preheat temperature for the same aliquots as in (a). Error bars represent one standard error. The dashed and dotted lines (eye guide) highlight the ideal recycling ratio of unity and a ± 10% deviation, respectively.
the resulting signals lie in the high dose region of the growth curve. (Fig. 6a, inset) . Excluding sample MST9, the average measured to given dose ratio (± 1 standard error) is 1.045 ± 0.002 (n = 45) for samples taken from the L1-unit, 1.09 ± 0.01 (n = 26) for the ones from the S1-unit and 1.03 ± 0.01 (n = 5) for those from unit L2; there is no clear relation between the ability to recover a dose and the stratigraphic position of the samples, and the overall average measured to given dose ratio (± 1 standard error) is 1.06 ± 0.01 (n = 76). The corresponding recycling ratios and recuperation are presented in Fig. 6b ; excluding sample MST9, the overall average values (± 1 standard error) are 0.948 ± 0.004 and 0.155 ± 0.002%, respectively. The values obtained in the three tests (recycling ratio, recuperation and dose recovery) are usually considered as acceptable in the literature. Nevertheless, the average recycling and measured to given dose ratios are slightly, but systematically, lower and higher than unity, respectively. This may indicate that sensitivity changes occurring at the beginning and/or throughout the measurement procedure are not entirely corrected for and that there may be an offset of ~ 5% (on average). At this stage of our investigations, we considered these results acceptable, given that D e values must be obtained well up the dose-response curve (Fig. 4a, inset to Fig. 6a) and that the overall uncertainty on the luminescence ages amounts to 13 -23% (see Section 6). Table 1 summarizes the average D e values (± 1 standard error) that were obtained using the same SAR protocol as we previously used to date the section near Mircea Vodă (Timar et al., 2010a; 2010b) . For each sample, in between 4 and 18 replicate measurements of D e were made. A value was accepted if both the recycling ratio and the IR depletion ratio were within 10% from unity, and if recuperation did not exceed 5% of the corrected natural signal. No aliquots had to be rejected on the basis of recuperation or impurity. Some aliquots, however, had to be rejected on account of a poor recycling. Especially for sample MST9, the correction for sensitivity changes appears rather problematic, as more than half of the aliquots had to be excluded from the analysis. The aberrant and poor luminescence behaviour of this particular sample had also been identified through the dose recovery test.
DOSIMETRY
Radionuclide activity concentrations were obtained through high-resolution gamma-ray spectrometry and converted to dose rates using the conversion factors calculated from the data presented by Adamiec and Aitken (1998) . The external beta dose rates were corrected for the effects of etching and attenuation using a factor of 0.94 (± 5% relative uncertainty; Mejdahl, 1979 ). An internal dose rate of 0.013 ± 0.003 Gy/ka was assumed (Vandenberghe et al., 2008) . A water content of 20 ± 5% was used to account for the effect of moisture (Balescu et al., 2003) and the contribution from cosmic radiation was calculated following Prescott and Hutton (1994) . Table 1 summarizes the dosimetric information. It can be seen that there is little variation in dose rate with depth and the values are spread around a mean value (± 1 standard error) of 2.84 ± 0.02 Gy/ka.
OPTICAL AGES AND DISCUSSION
All information relevant to the optical age and uncertainty calculation is summarized in Table 1 . Uncertainties on the optical ages were calculated following the error assessment system proposed by Aitken and Alldred (1972) and Aitken (1976) . In general, the systematic uncertainty is dominant in the overall uncertainty on the ages, which amounts to 13-24%. The overall contribution from random sources of uncertainty varies in between ~3 and 20%. Within this uncertainty, most of the optical ages are consistent with the stratigraphic position of the samples and they increase smoothly with depth. At the 3σ level, only sample MST1 yields an age that cannot be reconciled with the results obtained for the underlying samples, and, therefore, might be an outlier. Therefore, it is concluded that all sources of random uncertainty have been identified and properly accounted for, and that the observed variability is not much larger than expected from the individual uncertainties. It is interesting to note that the optical age results do not seem to reflect a similar spread as observed in the dose recovery test (Fig. 6a) . As pointed out by e.g. Timar et al. (2010a) and Murray et al. (2008) , a dose recovery test is not necessarily a measure for the accuracy by which natural doses can be measured; this implies, as illustrated by our dataset, that it not necessarily provides a measure for the minimum variability that can be observed for an entire set of optical ages.
The optical ages are compared with the magnetic agedepth model established by Necula and Panaiotu (2008) in Fig. 7 . No confidence limits can be defined for the agedepth model, but we incorporated a depth error of ± 10 cm for the correlation between the sequence investigated here and the one for which the model was established. Within analytical uncertainty, the optical ages are consistent with the age model derived from the magnetic susceptibility data. Some spread can be observed in the OSL ages obtained for samples taken from the S1 unit (MST (Necula and Panaiotu, 2008 13-18). As outlined in the previous section, the observed spread is not higher than expected from the random uncertainties associated with these age estimates, which range from ~6 to ~19%. This behaviour might be the effect of pedogenic processes such as bioturbation, although a significant contribution to the spread is also expected from the high value of the natural OSL on the dose-response curve which increases the uncertainty in equivalent dose (see Fig. 4 of Murray and Funder, 2003) . The SAR-OSL ages confirm the chronostratigraphic position of S1, in that it formed during MIS 5; this is also in accordance with the IRSL chronology established by Balescu et al. (2010) at this locality.
In general, the optical ages allow correlating the sequence near Moştistea lake with that near Mircea Vodă (Timar et al., 2010a; 2010b) . At both localities, the L1/S1 sequence represents the Last Glacial/Interglacial cycle. The intense bioturbation that occurred at the top of L1 unit of the Mostiştea sequence lead to an indiscernible bedding structure, forcing the sampling to start from deeper down the section. Therefore the youngest age obtained for this unit is ~45 ka. Based on the good correlation between the magnetic age-depth model and the OSL ages for the upper part of L1, it is deduced that the formation of this unit has ended at a comparable time as for the section near Mircea Vodă (~16 ka BP).
For the studied sequence the loess deposition corresponding to the L1 unit seems to have occurred at two slightly different rates -a slower rate (~2.9 cm/ka) between 45-70 ka and a faster rate (~7.2 cm/ka) between 70 and 90 ka. A change in the deposition rate was also observed for the section near Mircea Vodă, but to a higher extent (3.5 cm/ka and 25 cm/ka, respectively - Timar et al., 2010b) .
CONCLUSIONS
It is concluded that the obtained set of quartz-based SAR-OSL ages confirms the chronostratigraphy of the loess-palaeosol sequence near Moştistea Lake as previously established through both IRSL dating and palaeomagnetic age modelling. The combined evidence conflicts with the chronostratigraphical framework proposed by Conea (1969) , in that the S1 unit can no longer be thought of as a soil that developed during a Last Glacial interstadial. By extrapolation, the same holds for the underlying S2 unit.
The accuracy of SAR-OSL dating of sand-sized quartz extracted from Romanian loess remains to be established. In fact, the age discrepancy between SAR-OSL ages for fine silt and sand-sized quartz reported by Timar et al. (2010b;  see Section 1) does raise concern as to the reliability of each of both grain-size fractions of this dosimeter. In this study, we only investigated the SAR-OSL properties and age of the sand-sized fraction. Procedural checks (recycling and dose recovery) indicate that the measurement procedure slightly, but systematically, overestimates a known laboratory dose that has been given to sample prior to any heating. We also observed, however, that a sample for which a poor dose recovery is achieved, not necessarily yields an aberrant age result as well (e.g. sample MST9). Therefore, SAR-OSL dating of (Romanian) loess using quartz may be more complicated than generally is assumed. Only in the presence of another form of a tight independent age control, which often lacks in loess, one can check whether this is important or not. Until then, the ages are probably the best chronological information currently available for this site.
Within the above-mentioned limitations, the results of this and our previous studies demonstrate that the approach allows establishing a broad chronological framework for Romanian loess-palaeosol records, assessing whether or not they are complete, and verifying if sediment accumulation occurred continuously and at a constant rate. As such, it is concluded that quartz-based SAR-OSL dating is a powerful tool to spatially and temporally correlate Romanian loess-palaeosol sequences, and to assess the validity of proxy-based methods for timing and reconstructing climatic and environmental change.
